abstract -Objective: There was an increased number of cases of meningoencephalitis caused by Streptococcus pneumoniae, after the successful vaccination campaigns against Neisseria meningitidis and Haemophilus influenzae. This paper aims at describing the clinical characteristics, the laboratory findings, the complications, and the therapeutic management of these patients, who have been suffering from this disease since 1993 to 2006. Method: Twelve children with Streptococcus pneumoniae meningoencephalitis admitted to the pediatric hospital of San Miguel del Padron, City of Havana in this period were assessed. Results: Children under one year are the most frequently affected. Septic shock and brain edema were the most severe complications. Three patients died, implying that this disease has a serious course. Early treatment of brain edema is very important to reduce mortality. The elective drugs for treatment of these cases of Streptococcus pneumoniae meningoencephalitis were vancomycin combined with cephalosporin, cefotaxime or ceftriaxone type. Conclusion: Patients with Streptococcus pneumoniae meningoencephalitis show clinical characteristics, complications, and sequels that are different to other bacterial meningoencephalitis, meaning that they could be helpful for physicians considering the differential diagnosis of meningoencephalitis.
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cases of acute otitis that may lead to deafness, 330,000 pneumonia cases, 1,200 cases of pneumococcal sepsis and 3,900 pneumonia cases. Streptococcus pneumoniae causes more than 1 million of deaths in children worldwide annually, 90% of them occurring in developing countries 2 . Lately, Neisseria meningitidis and Haemophilus influenzae meningoencephalitis cases have dropped drastically due to the successful vaccination campaign carried out in Cuba by the national health system. As a result, Streptococcus pneumoniae has taken the position of the previously mentioned germs 3 . Streptococcus pneumoniae affects mainly children under one year of age, specially new-born infants. However both the average age and the age range for this infection are increasing 4 . Thus, it is necessary to produce a vaccine with the most frequent serotypes of this bacteria in Cuba.
We describe clinical characteristics, laboratory findings, complications, therapeutic management and sequels found in a group of patients affected by the disease from 1993 to 2006. method A descriptive, transversal and prospective study was performed through direct observation of patients since the time of their first lumbar puncture.
Sick children form peripheral municipalities, comprising both urban and suburban areas, were consulted in this hospital. Patients enrolled in this study were diagnosed with Streptococcus pneumoniae meningoencephalitis, its biological agent detected at the microbiology laboratory of the pediatric hospital of San Miguel del Padrón from 1993 to 2006. Twelve children admitted with the presumptive diagnosis of bacterial meningoencephalitis were studied.
Patients were admitted in the Intensive Care Unit of the hospital. The sera and CSF samples were simultaneously collected at the moment of admission when the symptoms started. The antibiotic and symptomatic treatment was initiated immediately after, according to the clinical characteristics of each patient. Samples were divided in aliquots; subsequently they were properly labeled and kept at - 
Latex agglutination test
A modified latex agglutination test was employed for the rapid detection of Streptococcus pneumoniae made by Bio Merieux (Slidex Meningite Kit). It contains sensitizing latex particles with capsular antigens of S. pneumoniae (83 serotypes), A and C serogroup of N. meningitidis and type b H. influenzae. The latex agglutination test is rapid and simple to perform, yielding S. pneumoniae data directly by testing of CSF. The sensibility for S. pneumoniae is 0.1-0.5 {Jg/mL).
Microbiological cultures and bacterial identification
Isolation of pneumococci by inoculation of CSF and blood into solid culture media is very efficient if the patients had not been previously treated before with antibiotics. It allows for determination of the presence of S. pneumoniae in the initial material. The appearance and the size of pneumococcal colonies depend upon the composition of the culture medium, the biological properties and the amount of S. pneumoniae and other microorganisms in the material undergoing the assessment. The identification of pneumococci is based on their cultural and morphological properties, and it is carried out by a variety of tests.
S. pneumoniae is a Gram positive capsulated cocci. Its shape is of the lanceolate type, and it measures 0.5 to 1.2 µm, appearing in pairs or diplococci. They are facultative anaerobics, requiring protein and hematologic supplements.
CSF and blood samples were cultured in Oxoid chocolate agar in an environment containing 8-10% CO 2 . In this type of culture, the bacteria grows as non pigmented round colonies of 1-3 mm diameter. After 48 hours in the cultures, it takes an umbilical like shape due to a progressive cellular autolysis, and the colonies usually have a greenish ring. To characterize the strain of the colony, different biochemical tests were used. Bacteriolysis with bile salts was used for the phenotypic specie identification. The optoquine susceptibility also was employed by culture of blood agar, by putting an Oxoid disk with optoquine on the surface of culture in order to measure the inhibition ring. If the ring became soluble in presence of bile salts, it is a determinant that the strain is indeed S. pneumoniae.
results
The incidence of meningoencephalitis by Streptococcus pneumoniae is shown in Fig 1 . The microorganism grew in all studied cases and Gram staining showed Gram-positive lanceolate diplococci.
Bacterial meningitis was suspected by cytological examination of CSF. Latex agglutination test was done directly on untreated CSF samples, showing positive reactions for S. pneumoniae
The etiology was definitively established by culture and by smear examination.
Gram-positive coccal bacteria were demonstrated in chocolate agar culture.
Morphological appearance of bacteria using optical microscopy and positive detection for biochemical tests suggested the infection with Streptococcus pneumoniae.
The high incidence of bacterial meningoencephalitis cases of non-determined cause is shown in Fig 2. More frequent signs and symptoms are shown in Table 1 . All patients showed brain edema and 40% had a convulsive status. Septic shock and multi organ failure affected fourth of the patients.
Computed tomography was performed in two patients, showing diffused cortical atrophy and ventriculomegaly. Cerebral edema was observed in both cases.
There were three cases of death (25%), two of them under one year of age, the other child in the group 1-4 years.
Vancomycin was the drug of choice, in combination with cephalosporin, cefotaxime or ceftriaxone to treat Streptococcus pneumoniae meningoencephalitis in these cases.
Short-term sequels were brain paralysis in two of the 12 patients (16%). disCussion Low incidence of Streptococcus pneumoniae may lead to the mistaken belief that this microorganism is not a public health problem in our area. However, sometimes there is no bacterial growth due to the early treatment with antibiotics these patients, who receive these drugs when attending the primary care units. Therefore, the real number of affected patients due this bacterium may be higher 5, 6 . In fact, the etiological diagnosis of 106 patients was not possible, meaning that there might be a hidden incidence of Streptococcus pneumoniae that could not be verified.
Fast diagnostic methods are an alternative to improve the diagnosis since they do not need the germ to be intact, since they can recognize rests of the microorganism. For example, latex agglutination tests or polymerase chain reaction (PCR), can be used for faster diagnosis 7 . All of the patients in this study had respiratory infections prior to admission. Streptococcus pneumoniae is an airborne bacterium, carrying a high spreading risk due to the little drops of < 10 µm that remain suspended for more than 30 min. These minute drops may easily reach the alveolus, carrying the risk of infection in the lung parenchyma.
Its polysaccharide capsule allows it to avoid phagocytosis, creating an invasive risk that may occur frequently in children, especially in synergy with other viral respiratory diseases. Respiratory viruses have a cytopathic effect on the cilium of the respiratory mucosa either by destroying it or altering its genetic code. The alteration of the barrier mechanisms in this situation favors the increase of Streptococcus pneumoniae previously inoculated in colonized children. Children with tubaric dysfunction or respiratory allergy are at a higher risk of suffering acute otitis media or sinusitis. Infants from developing countries are colonized earlier with higher rates of nasopharyngeal carriers. Streptococcus pneumoniae carries an extreme risk of invasive infections in immunocompromised hosts, including children with functional or surgical asplenia, AIDS or any other severe immunocompromised disease: diabetes, nephritis, cardiopathy or chronic respiratory syndrome 8 . The main sign was fever in all cases, with weakness, food rejection or irritability. Enlarged fontanel was present in children under one year of age. Studies conducted in Spain found that 93.4% of children had fever equal to or higher than 37.5 o C in the moment o admission, the mean duration was 3.25±3.71 days (mean 2 days) and the most frequent presentation forms were hidden bacteremia (45.6%), bacteremic pneumonia (27.5%), meningitis (14.6%) and bacteremic otitis (9.4%). Bacteremic cellulitis, arthritis and mastoiditis were also present (5.9%) 9 . Somnolence and vomits were other reported signs. There was no variation in the clinical picture of our cases in relation to those of Mexico, Brazil and Argentina 9, 10 . Regarding the laboratory tests, the cytochemical study showed a high number of cells in the CSF, as it was expected. This demonstrates an acute inflammatory process. Polymorphonuclear leukocytes were predominant in these patients.
All the results of the cytochemical study inferred a bacterial process in the affected children. These results match the ones found for other bacteria that affect the central nervous system. The behavioral symptoms and signs of these children were similar to those of other children abroad.
For example, in a study performed in Bogotá, Colombia, children with Streptococcus pneumoniae meningoencephalitis had similar characteristics 11 . The microorganism grew in all assessed cases, and Gram staining showed Gram-positive lanceolate diplococci. Gram staining method is very useful to establish a treatment for the etiological agent found. This method has a sensitivity of 60-90% 12 . One of the characteristics of the disease is that patients are in very serious condition. The main complications were brain edema, convulsive status, acid basic unbalance, septic shock and multi organ failure.
The most serious complications observed in a study conducted in the Basque Country were those related to the respiratory tract (20.8%), pleural effusion (7.5%), atelectasis (2.0%) and pachypleuritis (2.0%). Thoracoscopy were performed to two patients 13 . Since brain edema was present in all patients, quantity and quality of liquids will depend on different factors: intensity of brain edema, status of the tissue perfusion, impaired capillary permeability, volemia and the existence of concomitant complications 14 . The importance of using computed tomography was demonstrated. This test has diagnostic relevance where there is a correlation between the findings and the symptoms, and at the same time it has prognostic importance taking into account that some damages correlate with the sequels. Therefore, its use is recommended to detect intracranial complications 15 . When the presence of infarction or paralysis of the cranial nerves, as well as hydrocephaly was detected by ultrasound or any other imaging technique at the moment of admission, sequels are usually expected. This may help identifying children that might need further follow-up and rehabilitation.
We considered that there is a high lethality, due to the outcome of 25% deaths.
According to a report of the Pan-American Health Organization (PAHO) in 1999, 72,000 children under 5 years of age had died due to acute respiratory infections (ARI) in Latin America, 80% of them due to pneumonia, 50% of which were caused by Streptococcus pneumoniae, on the bases on previous data. This means that 29,000 children might have died due to Streptococcus pneumoniae 16 . A total of 800 children died of ARI in Argentina, according to reports of the Ministry Of health; but this number might be higher considering sub registry of cases and home deaths, which are common in all countries 17 . The World Health Organization (WHO) and PAHO consider the following as risk factors: overcrowding, deficit of specific vaccines, lack of breastfeeding, low weight at birth, malnutrition, barriers to access medical care and, in some regions, deficit of vitamin A 18 . In Cuba there are no barriers to access medical care, pediatric hospitals are always ready to admit children when there is suspicion or sign of meningoencephalitis.
In general, the treatment to these patients comprised clinical support, mechanic ventilation, correction of the acid basic unbalance, of the brain edema and of the convulsions. Antibiotics were also used.
The use of inotropics was very important for the hemodynamic stabilization of the patients and they were indicated when the volume provided suggested an adequate volemia, despite of the vasodilatation they produce 19 . Streptococcus pneumonia resistant-strains due to the use of antibiotics have been reported worldwide and they make the treatment difficult, leading to the increase mortality in many places 20 . Some aspects should be taken into account when selecting an antibiotic to treat meningitis caused by Streptococcus pneumoniae: (1) The management of an infection in a system with low phagocytosis against a high inoculum (>10 6 ). (2) A bactericide drug with good penetration through the meninges should be selected. (3) Special importance should be given to the time the drug remains in the CSF at a concentration superior to 10 times of the minimum bactericide concentration for the causative agent.
The latter is achieved with third generation cephalosporin (cefotaxime and ceftriaxone) at high doses. Penicillin-resistant Pneumococcus is increasing worldwide.
Sometimes this Pneumococcus resistance is multiple, and includes other antibiotics like tetracycline, trimethoprim sulfamethoxazole, and chloramphenicol. These infections are more frequently found in the serotypes affecting children 21 . So far, cefotaxime and ceftriaxone are the drugs of choice, though some failures in this treatment have suggested the inclusion of vancomycin. This is the current recommendation for antimicrobial treatment, mainly in areas where there is a prevalence of highly-resistant Pneumococcus.
Though diminished sensitiveness to cephalosporin has not been reported in vitro in Cuba, the unfavorable in vivo response to these antibiotics was quite important to take into account regarding this decision 22 . The most frequent antibiotics used were rocephin (ceftriaxone) and vancomycin.
Since there have been no isolation of vancomycin-resistant strains, this is the drug of first choice, combined with a cephalosporin either cefotaxime or ceftriaxone to manage meningitis caused by third-generation-cephalosporin-resistant pneumococci. Similar to cephalosporin and carbapenem, the effectiveness of vancomycin is based on the percentage of time in which its concentration in CSF surpasses the minimum bactericide concentration, so the administration intervals are more frequent, form 6 to 12 hours 23 . The recent report of Streptococcus pneumoniae tolerant to vancomycin, there has been a demand to be alert and to make a rational use of this antibiotic 24 . The impact of the introduction of this antibiotic will not replace the early clinical diagnosis of bacterial meningitis at initial stages of inflammatory response, and the time for adopting measures to improve hemodynamic conditions.
Computed tomography was performed in patients with cerebral paralysis. In developing countries, access to these diagnostic techniques is important for early detection of the sequels of the disease because image findings correlate statistically with neurological signs 25 . In a study carried out in India, sequels were observed in 40% of patients with meningoencephalitis, 10% with minor sequels, while the remaining presented more severe sequels. Sequels were observed in neurodevelopment, in cranial paralysis, convulsions and deep hyporeflexia 26 . The usefulness of computed tomography to foretell sequels was demonstrated in a study carried out by Tuncer et al. 27 . As previously explained, patients with this disease are in very serious condition, thus the early treatment of brain edema is important to reduce mortality.
In conclusion, patients with Streptococcus pneumoniae meningoencephalitis presented clinical characteristics, complications, and sequels which were different to other bacterial meningoencephalitis, this being a motive to help physicians in the differential diagnosis.
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